1# 


BOS  TOII  UlIIVERSITY 


GRADUATE 


SCHOOL 


Thesis 


A Study  of 

DIURIIAL  VARIATIOITS  III  BLOOD  PRESSURE 


SuLmitted  "by 


3RE1TT01T  REID  LUTZ 
(S.  3.,  Boston  University,  1913) 


In  partial  :fLilfilment  of  requirements  for 
the  degree  of  Master  of  Arts. 


19  14. 


m 

( 


y 


3 


^\«o 


r 


A STUIiY  OP  DIURIIilL  VAHIATIOIIS  III  BLOOD  PBESSUPP], 


Introduction 
PART  I. 

The  General  Anatomy  and  Physiology  of  the  Circulatory  System. 
AlIATOLIT 

1.  General  statement. 

Heart --arteries- -capillaries- -veins . 

2.  Heart. 

Shape- -posit ion- -covering- -chambers- -right  auricle- - 
right  ventricle — left  auricle--left  ventricle-- 
musculature . 

5.  Blood  vessels. 

Aorta--arch--thoracic  and  abdominal  portions-- 

branches  of  each- -capillaries- -veins- -course  of 
the  blood. 

PHYSIOLOGY 

1.  Heart. 

Beat--systole--di a stole --cycle --relative  functions 
of  auricles  and  ventricles--rate--norrnal  varia- 
tion with  sex,  age,  and  size. 

2.  Blood  vessels. 

Properties--functions--elasticity--contract jlity-- 
stream  bed . 

3.  Arterial  pressure. 

(a)  General  statement- -cause  of  blood  flov/- -maximum- - 

minimum- -pulse- -mean  pressures . 

(b)  Controlling  factors  of  blood  pressure. 

Hnergy  of  heart--peripheral  resistance- -elasti- 
city of  arterial  walls- -volume  of  circulating 
blood.  , 

(c)  Coordination  of  heart  and  vessels  by  nerves: 

Vagus- - sympathetic --cardio-accelerati on- -cardi  o- 
inhibitor  centers--vasomotor  nerves. 

(d)  Methods  of  estimating  blood  pressure,. 

Historical --modern. 

(e)  Variations  in  blood  pressure  in  normal  individuals 

In  different  individuals--in  the  same  individual. 

(f)  The  practical  value  of  a knowledge  of  blood  pres- 

sure and  pulse  rate. 

PART  II. 

Observations  of  Diurnal  Variations  in  Blood  Pressure. 

1.  General  statement. 

2.  A brief  review  of  the  literature. 

S.  Subjects,  apparatus,  and  method  of  procedure. 

4.  Results. 

5.  Conclusions. 
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IlJTRODUCTIOil 


The  determination  of  arterial  blood  pressure  by  means  of 
the  sphygmomanometer  has  been  so  generally  adopted  during  the 
last  few  years  in  practical  medicine,  in  the  clinic,  in  the 
laboratory,  in  life  insurance  examinations,  in  fact,  where- 
ever  a physical  examination  is  necessary,  that  an  accurate 
kno¥/ledge  of  the  normal  variations  in  pressure  during  the  day 
is  needed  in  order  that  the  deterainations  may  be  of  practical 
value.  Investigators  have  recognized  that  normal  variations 
in  arterial  blood  pressure  take  place,  for  example,  after  meal 
during  and  after  exercise,  in  various  emotional  states^  and 
under  other  physiological  and  psychological  conditions.  IIo 
conclusive  investigation  has  been  made  to  show  the  constant 
normal  variations  in  blood  pressure  that  occur  during  the  day. 
In  fact,  only  recently  has  a convenient  and  accurate  method 
been  perfected,  the  auscultatory  method,  which  enables  this 
work  to  be  done. 

The  chief  aim  of  this  thesis  is  to  present  the  results 
of  a systematic  study  of  the  diurnal  blood  pressure  variations 
in  young  healthy  adults.  But  in  order  to  make  the  paper  of 
interest  to  the  general  reader  Part  1 has  been  devoted  to  a 
description  of  the  general  physiological  anatomy  of  the  heart 
and  blood  vessels,  to  a few  remarks  concerning  the  physiology 
of  the  circulatory  system,  and  to  a discussion  of  the  main 
features  of  arterial  blood  pressure. 
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PA3T  1 


The  Anatomy  and  Physiology  of  the  Circulatory  System. 

Anatomy 

General  statement . During  life  the  process  of  meteholism 
is  carried  on  in  each  organ  and  tissue  of  the  hody.  This 
process  is  characterized  hy  the  assimilation  of  food  materials 
and  the  production  of  waste;  and  for  its  maintenance  it  is 
necessary  that  there  sliall  he  a constant  supply  of  the  former, 
and  a constant  removal  of  the  latter.  The  blood  serves  this 
purpose  by  continually  flowing  through  the  tissues  with  a volume, 
pressure,  and  velocity  depending  upon  their  activity. 

The  apparatus  which  maintains  the  circulation  consists  of 
a central  organ,  the  heart;  a series  of  branching  distributing 
tiibes,  the  arteries;  a network  of  thin  walled  microscopic  tubes, 
the  capillaries;  and  a series  of  collecting  tubes,  the  veins. 
These  structures  form  a closed  system  within  T/hich  the  blood 
is  kept  in  motion  in  one  direction,  mainly  by  the  pumping  action 
of  the  heart,  the  action  of  the  valves,  and  the  elasticity  of 
the  arteries. 

The  heart . The  heart  is  a hollow,  muscular,  cone-shaped 
organ  lying  in  the  chest  just  behind  the  sternum.  Its 
broader  end,  or  base  is  turned  upwards  and  projects  to  the  right 
of  the  sternum;  while  the  apex  projects  to  the  left,  extending 
downward  as  far  as  the  fifth  intercostal  space.  Enclosing 
and  suspending  the  heart  is  a thin  sac-like  membrane,  the 
pericardium.  Between  the  pericardiim  and  the  heart  a small 


y,.., 


*ih 


,♦  --' 


€■'  ; #*  ■ ,.^•^7"  - ''*<1 '^S  ■ fv  ’• 

'^'V 


■ ,a-.  ._r  ■ i"  •■  Tf  ’ ■ 'Mi'''"^^'  f'v  * .-a  ■ ^■’•*  ■'  ■1  ' ••  y*  •_ 


S' 


^ rr^A* 


' ■ ■^‘  ■ ' “■■  ■ - • ■ 


CJ;.: 


ST'-  3^i:SJ:1^.^«Kr  J^dot ‘^o.:i!p2’|B/  vjjf'  &BUi’Xib>’oj?Tiigrfoval 

f’w  "=  ^ ’“‘-''  v'- V"'"  , 

L‘ ji'i  ‘t±  *iari:»irr^).fihL,fcBftf  2':l'i ' ccjA:  cffis ’^s  i'SjciW  '^o  CrcxrJ-oxiSo'iff 


I-  $1  ‘ti  ff^WjeLfShi  si’e-eiv?  *^o  /^t5J'tc^^>iJ3So^^’  'ddt-,JbsS : 


#"4'  '^"  .’'’/  a dil'^IIjasCs  5'affdF:  v 

-'^  ..■  '■^'  „-.  ! \ / v'  . V'  ’"'  ' '"' 

Bit!’  1?  ‘ ;si;tf^-eaTiefi.  o/iT^  W Xixroje:!  ^rs#sk^o  'fi  finci^  5 i 


-■■■',/} 


'It 


.i£tf^-ui-  ■'•'■  -'.■  't.--  H'"  i f;.  ^ ••;#!' -V 

*1^,.'  ,y  R^J^i'auoc  rrp.tTfrij/^JjQia 


L-'^.  * f . V-*  • 

W K«/.  j&PcXcf 


oKii’  a'oXxX?r‘"al  *tt-tw  aaKi'E’C^  ^oeplo  b ijficfl:  Eip^r;|'€C'Xttt:  ■©e'©*'#/  / r*^ 

■ * '■  ■ „ ‘ V"  ^'■^  - .tei 

cto>d-o^  ^d&  ^<f  ,^aiaa:  ,.ictJtp©Tt£  ©xtq  Tt  jtoir^pin  ;hflr^  si  * • 


^0'=^xp£d-a©fd  ‘i)ffa  ,a&vIa.Tr  aa't  ,t*x«©4  sxtt  *o  y 

-■  -'  ■ ' a ' W ' 4 '._.r^v_  /■  ^ ' 


,4  fisijBrla-orxoy  . *caT.t.*oej5iir  .wollotf  b ©xifT 

■ *^  . , — T"  • P*  • 

P‘  ' 2'tl.  .njxjcndt^'i  tnzil^.<\  len^.  tsaxfo^rfi' 

*R  p’'t/ ad-00 to;j aJ&'caiPiJi  at  oe^  ;io  ,^:?9  :w>i»aorttf* 


•>  . eioof^a'Sr- oXiixftr  ;£UrrrE©^^a  6ili  ^.o 

iV  r’  * ^flxea/orCi  .©oBqa^Ifl^aoottatM^X  7*#  ea  '^a*t  eo  ix«wm>vo£ 


5#  ; 


,r*, 


e^  , acstr<rtSot7T  ei(tX-oea  a^tat  a a^  /laoTl  inXi^’^LtoPilCx/a  txixx 


^ . XXaxia  a uiued  e'lf?- Biia  '^isjtLsaott^q.  ’fiKi'  di^  ynie^  *<  ,mlh%&CLt%L>a 

■ ■ -r^  . ■ ..i '/^■^■•■^' -’*P.  . ■ ..  '■*  ' 


* '^'  % 


n 


^"4 


quantity  of  fluid  moistens  the  contiguous  surfaces,  diminishing 
the  friction. 

The  heart  is  completely  separated  into  right  and  left  parts 
by  a vertical  septiun,  each  of  which  is  partly  subdivided  by  a 
transverse  constriction  into  two  chambers,  an  upper  thin  walled 
cavity,  the  auricle,  and  a lower  thick  walled  chamber,  the  ven- 
tricle. Of  the  four  cavities,  the  right  auricle  and  ventricle 
constitute  the  venous  heart;  while  the  left  auricle  and  ventricle 
make  up  the  arterial  heart. 

The  right  auricle  shows  on  its  posterior  aspect  the  termi- 
nals  of  the  two  final  trunks  of  the  venous  system,  the  superior 
and  inferior  venae  cavae.  It  communicates  with  the  ventricle  by 
means  of  the  auriculo-ventricular  orifice.  The  wall  of  this 
auricle  is  relatively  thin. 

The  right  ventricle  presents  on  its  upper  left  angle  a 
prolongation,  the  conus  arteriosus,  from  which  arises  the 
pulmonary  artery,  the  orifice  of  which  is  guarded  by  semi-lunar 
valves  to  prevent  the  return  of  the  blood  into  the  ventricle. 

The  wall  of  this  ventricle  is  about  tv/ice  as  thick  as  that  of 
the  right  auricle.  Its  inner  surface  presents  a system  of 
muscular  projections,  the  musculi  papillares,  which  point 
upward  toward  the  auriculo-ventricular  opening.  I’rora  the  apex 
of  each  papillary  muscle  fine  tendinous  cords  are  given  off 
which  support  the  auriculo-ventricular  or  tricuspid  valve 
which  prevents  the  return  of  blood  into  the  right  auricle. 
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The  left  auricle  presents  on  its  posterior  surface  the 
terriiination  of  the  four  final  trunhs  of  the  venous  system  of 
the  lungs,  the  pulmonary  veins.  It  coriinuni cates  vTith  the  left 
ventricle  hy  means  of  an  opening  similar  to  the  right  auriculo- 
ventricular  orifice.  The  wall  of  this  chamher  is  thicker  than 
that  of  the  right  auricle,  hut  not  so  thick  as  that  of  the  right 
ventricle . 

The  left  ventricle  presents  on  its  upper  right  angle  the 
main  arterial  trunk  of  the  systemic  circulation,  the  aorta,  the 
orifice  of  7/hich  is  guarded  hy  semi-lunar  valves  to  prevent 
the  return  of  hlood  into  the  ventricle.  The  inner  surface 
shows  a system,  of  columnae  carneae,  musculi  papillares,  and 
chordae  tendineae  much  better  developed  than  those  of  the  right 
ventricle;  and  the  wall  is  about  three  times  as  thick  as  that 
of  the  latter.  The  bicuspid  or  mitral'  valve  prevents  the 
return  of  blood  into  the  left  auricle. 

In  the  auricles  the  muscle  bundles  are  arranged  in  two 
sets,  an  outer  transverse  set  which  passes  from  auricle  to  auricle, 
and  an  inner  longitudinal  set  which  passes  over  the  auricles  and 
attaches  on  the  anterior  and  posterior  surfaces  at  the  auriculo- 
ventricular  groove.  Circularly  arranged  fibres  are  present 
near  the  venae  cavae  and  pulmonary  veins.  In  the  ventricles 
the  muscle  bundles  are  arranged  in  two  sets,  an  outer  longitudi- 
nal and  an  inner  transverse  set.  The  longitudinal  fibres,  in 
general,  begin  at  the  auriculo-ventricular  groove  on  the  anterior 
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Fig.  1.  Diagram 
1,  2.  Superior  and 
Right  ventricle. 
Left  auricle.  8. 
artery.  9h.  Left 
10 , 10 . Chordae 
cuspid  valve. 


of  the  course  of  the 
inferior  venae  cavae 
5.  rulmonary  artei^^. 
Left  ventricle.  9. 

carotid  artery.  9c 

tendineae . 

13.  Ilitral 


(After  Ilorat  and  Doyoni  From  Brubaker 


blood  through  the  heart. 
3.  Right  auricle.  4. 
6.  Pulmonary  veins.  7 
Aorta.  9a.  Innominate 
Left  subclavian  artery. 
11,  11.  I.Iuscull  pai^illaris.  12.  Iri- 
valve.  14,  14.  Semi -lunar  valves. 


and  posterior  surfaces,  and  pass  downward  obliquely  toward  the 
apex,  Vvdiere  they  turn  baclrward  and  inward  in  a vortex,  and  then 
ascend  to  terminate  in  the  wall  of  the  interventricular  septum, 
the  columnae  cameae,  and  the  musculi  papillares.  Some  longi- 
tudinal fibres  are  found  on  the  inner  surface.  The  transverse 
fibres  are  very  abundant,  and  surround  each  ventricle  separately. 
There  are  also  other  minor  layers  passing  in  various  directions. 
The  arrangement  of  the  heart  muscles  is  such  as  to  insure  a 
simultaneous  contraction  of  both  auricles,  followed  by  a simul- 
taneous contraction  of  both  ventricles. 

The  blood  vessels.  Host  of  the  arteries  arise  from  the 
aorta  although  some  take  their  origin  from  the  pulmonary  artery. 
This  latter  vessel  carries  venous  blood  to  the  lungs  where  it 
exchanges  gases  with  the  air,  giving  off  carbon  dioxide,  and 
taking  in  oxygen. 

The  aorta,  as  it  leaves  the  heart,  turns  downward  upon  itsel 
forming  an  arch,  after  v/hich  it  continues  through  the  thoracic 
cavity  giving  off  branches  on  its  way.  It  pierces  the  dia- 
phragm and  enters  the  abdomen,  where,  after  supplying  that  region 
it  ends  opposite  the  last  lumbar  vertebra  by  dividing  into  right 
and  left  common  iliac  arteries,  which  supply  the  lower  limbs. 
Anatomists,  when  describing  this  main  vessel  speak  of  the  arch, 
the  thoracic  aorta,  and  the  abdominal  aorta. 

From  the  arch  of  the  aorta  there  first  arise  the  coronary 
arteries,  which  supply  the  heart.  Then  three  large  branches  are 
given  off,  of  which  the  first  is  the  innominate  artery,  which 
immediately  divides  into  the  right  subclavian  and  the  right 
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coimnon  cap:otid-arterie3 , the  second,  the  left  connnon  carotid, 
and  the  third,  the  left  snlclavian.  2ach  subclavian  artery 
passes  outward  to  the  ann  on  its  respective  side,  and  after 
giving  off  a vertebral  artery  crosses  the  axilla  and  runs  dov/n 
the  front  of  the  arm  as  the  brachial  artery,  giving  off  branches 
all  the  way.  Just  below  the  elbow  it  divides  into  the  radial 
and  ulnar  arteries  v/hich  supply  the  forearm,  hand,  and  fingers. 

The  common  carotid  arteries  pass  upward  along  the  trachea. 
At  the  level  of  the  jaw  each  divides  into  an  internal  and  exter- 
nal carotid.  The  external  branch  supplies  the  face,  scalp, 
and  salivary  glands.  Its  main  trunk,  the  temporal  artery,  is 
situated  so  near  the  surface  that  frequently  its  pulsations  may 
be  seen.  The  internal  carotid  artery  enters  the  cranium  at  the 
base  of  the  sl-rall,  and  v/ith  the  vertebral  arteries  supplies  the 
brain. 

The  thoracic  aorta  gives  off  the  intercostal  arteries 
which  supply  the  chest  walls,  and  the  bronchial  arteries  which 
supply  the  lung  tissue. 

Since  many  of  the  important  organs  are  situated  in  the 
abdomen,  the  aorta  gives  off  numerous  branches  in  this  region. 
Among  the  most  important  are  the  coeliac  axis  which  supplies 
the  stomach,  spleen,  liver,  and  pancreas;  the  superior  mesen- 
teric T/hich  supplies  the  greater  part  of  the  intestine;  the 
renal  arteries  which  supply  each  kidney;  and  the  inferior 
mesenteric  which  passes  to  the  remaining  portion  of  the  intes- 
tine. 


t'-  ijsMsmdf  g£  otrcs''  ■ ■ * 

■•»■"  ^ ,/■  ' 'A:;.:,  •;.—  ^ 

7-iJj  ■' I/Bitox  d\l;r , o&j^' noif:£o -.oiCy  v/oX^t  d*siii;  .tiiw  iXs 

1;.^  ^ .C- ^s,  . :r;.  - ^ 


.SiiarC  « arjciicjitoli*  ojiljf  . aeirnidu^ia  vsclTi^  Bd/i 

■Tft  ft'Prr  AffT'  •^rfrt  f.'vti^/tffr  ts  ihef'  <i.n  h i>n  r4yi£r^j» 


rvj?"  ;4W  €«it‘‘  ;jjadX^  • 

itiiter'*' ■ ■•'  ’.“"i,;  ":  ’^  ' ' ^--  ^i3?^  ^ ' } 'i  '■  A',"'-'  ' 'ft ''■'*,  '"•!^-«P 

■|r-^gj-xo  i£irtei^£  wct’^ 


edit 


^ 0 df  a b t fi|  crxrG  e^*£  t^; 


a/it  J&0^dn:fts  Ti«fi3*£o:'4S^  »4d  fd,.,sp:j^  e'ooi^  M ., 

; .tfo±-^*t  2’lxit  ft  I:  eatforii^QV  suo-xe^’n  l.To  ' eaVi|  siKtoe  an^  . frofibJ&tfjQ 

^ -i'\  . ^ ■■  A ^-  " • , ■ ■'  '^.  / .^  '■ . ' , 'CmW* 


fif»tX<xiiijB  tf^:  OJStXHor  ,tVW 

^ \.*‘.  /.  -A.  ^ ' ' d ' ’ ■".  "'■■■  * '0' >.  ^ ' ' . 

[ ' - -''•'  T I .j'  ' " '*•!“*'  ' ■ 

' Si  '•.’so^jfQ'lrrx  e>jSi^  bite 
iir,  ■ e£j;|'  lo 


iiox-oA^XqKt^a  _ 

■■  •>/  .A  ■■■■..-  ;:^  ",  [ 0 

^n:m^'S-  cee^*3(j' _4',,'X\V 

.*-•;'  ui-' ••*■“■•  ■ , - ^ - ^ '•  "'••  ■'  •'■ 


6 


2acli  cormnon  iliac  artery  divides  into  an  internal  and  an 
external  ‘brancli.  The  internal  iliac  supplies  the  parts  situated 
in  the  pelvis.  The  external  iliac  proceeds  down  the  inside  of 
the  thigh  as  the  femoral,  then  passes  oehind  the  femur.  In  the 
region  of  the  Imee  joint  it  becomes  the  popliteal,  vmich  divides 
into  the  anterior  and  posterior  tibial  arteries  supplying  the  leg 
and  foot. 

As  the  arteries  become  remote  from  the  heart  their  branches 
become  smaller  and  smaller,  until  the  smallest  arterioles  become 
continuous  with  the  capillaries  which  form  an  exceedingly  fine 
network  in  nearly  all  parts  of  the  body.  The  walls  of  these 
delicate  tubes  are  very  simple  consisting  of  a single  layer  of 
endothelial  cells,  permitting  a supply  of  nutritive  material  to 
pass  through  to  the  cells  of  the  surrounding  tissues. 

The  beginnings  of  the  veins,  like  the  terminations  of  the 
arteries  are  very  small.  They  arise  from  the  capillaries  and 
by  their  convergence  and  union  gradually  increase  in  size  in 
passing  from  the  periphery  toward  the  heart.  Finally  they  con- 
sist of  two  large  trunks,  the  inferior  and  siwerior  venae  cavae. 

hy  means  of  the  blood  vascular  system  all  the  blood  that 
leaves  the  heart  by  the  aorta,  except  that  flowing  into  the  coro- 
nary arteries  v/hich  supply  the  heart  itself,  is  distributed  to 
the  tissues  and  finally  collected  into  the  large  venous  trunks 
and  poured  into  the  right  auricle.  From  the  right  auricle  it 
passes  into  the  right  ventricle,  and  then  by  way  of  the  pulmonary 
artery  is  carried  to  the  lungs  and  passes  through  a network  of 
capillaries  where  an  exchange  of  gases  takes  place.  The  arterial 
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"blood  passes  from  the  lungs  by  way  of  the  pulmonary  vein  to  the 
left  auricle,  from  y/hich  it  is  forced  into  the  left  ventricle, 
fhc  muscular  walls  of  the  left  ventricle  throw  the  blood  into 
the  aorta  with  an  energy  sufficient,  when  aided  by  other  factors, 
to  maintain  the  circulation. 

fhe  Physiology  of  the  Circulatory  System. 

fhe  heart . The  direct  cause  for  the  movement  of  the  blood 
through  the  vessels  is  the  contraction  and  relaxation  of  the 
muscular  walls  of  the  heart;  and  with  the  aid  of  the  valves 
the  flow  is  maintained  in  one  direction.  The  contraction  of 
any  part  of  the  heart,  termed  systole,  transformiS  the  potential 
energy  stored  up  during  the  period  of  rest,  termed  diastole, 
into  kinetic  energy.  The  v/hole  heart,  however,  does  not  contract 
at  one  time.  It  presents  two  distinct  successive  contractions, 
the  first,  short  and  quick,  auricular  systole,  by  which  the  blood 
is  forced  from  the  auricles  into  the  ventricles;  and  the  second 
longer  in  duration  and  more  vigorous,  ventricular  systole,  by 
which  the  blood  is  forced  from  the  ventricles  into  the  pulmonary 
artery,  and  the  aorta.  The  auricles  are  relaxed  during  ventri- 
cular systole,  and  are  being  filled  with  blood,  vdiich  flows  into 
the  ventricles  as  soon  as  ventricular  diastole  begins.  Then  the 
cycle  is  repeated. 

Although  both  auricles  and  ventricles  are  necessary  for  the 
most  effective  maintenance  of  the  circulation,  their  functions 
are  not  of  equal  imx)ortance.  The  ventricles, in  driving  the 
blood  through  the  pulmonary  and  systemic  vessels,, x^erform  the 
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Iiarler  tasl:  and  may  1)0  considered  as  force  purnps,  Ti'ithout  the 
auricles,  hov/ever,  the  flow  from  the  great  veins  would  stopped 
during  ventricular  systole.  Since  the  auricles  are  filling 
during  this  period  there  is  little  delay  in  the  filling  of  the 
ventricles  during  ventricular  diastole.  fhe  atiricles,  therefore, 
may  he  considered  as  feed  pumps. 

Although  the  rate  of  the  heart  heat  changes  quickly  in 
response  to  various  internal  and  external  stimuli,  there  is  a 
certain  normal  rate  for  each  individual.  The  average  normal 
heart  rate  for  an  adult,  at  rest  mentally  and  ph37-2ically , is 
about  72  beats  a minute;  but  for  some  individuals  as  low  as 
50  a minute,  or  in  others  as  high  as  90  would  be  normal.  As 
a rule,  the  average  heart  rate  in  T/omen  is  higher  than  that  in 
men  being  about  80  beats  a miimte.  The  heart  beat  is  most 
rapid  during  infancy,  being  as  high  as  one  hundred  and  forty 
at  birth;  but  with  increasing  age  it  rapidly  decreases,  until 
at  old  age  it  is  only  about  half  that  rate.  The  size  of  the 
individual  is  thought  to  influence  the  rate.  Tall  individuals 
usually  have  a slower  rate  than  short  persons  of  the  same  age. 

This  difference  in  rate  due  to  size  is  shovni  bj^-  comparing  the 
mouse  and  the  elephant,  the  former  having  a heart  rate  of  about 
670,  while  the  heart  of  the  latter  beats  but  25  times  each  minute. 

The  blood  vessels . The  properties  and  functions  of  the 
blood  vessels  are  in  accord  v/ith  their  structure.  A typical 
artery  consists  of  three  coats;  an  internal  coat,  the  tunica 
intima;  a middle  coat,  the  tunica  media;  and  an  external  coat, 
the  tunica  adventitia.  The  tunica  intima  consists  of  a structure- 
less elastic  basement-membrane  lined  with  elongated  flat  cells. 
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Tile  tunica  riedia  consists  oi  r.any  layers  o-f  circularly  arranged 
plain  riuscle  fiores  between  vzliicli  is  intemvoven  a netv/ork  of 
elastic  ficres.  Between  tlie  middle  and  external  coats  there  is 
an  elastic  menlrane.  The  tunica  adventitia  consists  of  bundles 
of  fibrous  and  yellov/  elastic  tissues,  with  scattered  longitudinal 
muscle  fibres  in  its  inner  layers.  In  the  large  arteries  the 
amount  of  elastic  tissue  is  very  abundant,  exceeding  by  far  the 
amount  of  muscle  tissue. 

The  veins  are  similar  in  structure  to  the  arteries  in  having 
three  corresponding  coats,  although  the  amount  of  elastic  and 
muscle  tissue  is  less,  and  the  amount  of  fibrous  tissue  greater 
than  in  the  arteries  of  the  same  size. 

The  presence  of  elastic  and  muscle  tissue  in  the  walls 
of  the  arteries  gives  them  the  properties  of  elasticity  and 
contractility.  The  elasticity  allows  a wide  variation  in  the 
amount  of  blood  that  the  arterial  S37-3tera  can  accommodate.  The 
most  important  effect  of  this  property  of  elasticity  is  to  change 
the  inteiTaittent  movement  of  the  blood  given  to  it  by  the  heart, 
to  a remittent  flov/  in  the  arteries,  and  finally  to  a continuous 
flow  in  the  capillaries.  V/itli  each  systole  of  the  left  ventricle 
a greater  aiviount  of  blood  us  sent  into  the  arteries  than  can 
pass  into  the  capillaries  and  veins  during  the  time  of  the  con- 
traction; consequently,  the  walls  of  the  arteries  must  dilate 
to  balance  the  pressure  of  the  blood  and  the  elastic  reaction 
of  the  walls.  V/hen  systole  ends  the  elastic  walls  recoil  and 
propel  the  blood  tov/ard  the  capiUauies.  Toward  the  periphery 
the  distention  and  the  recoil  diminish,  and  the  intermittency 
disappears  as  the  blood  enters  the  capillaries. 
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The  property  of  contractility  permits  the  amount  of  blood 
supplied  to  the  tissues  in  a given  time  to  he  regulated.  During 
functional  activity  the  muscle  fibres  relax  and  an  increased 
amount  of  blood  is  peririitted  to  flow  into  the  tissues  to  supply 
the  increased  need.  Upon  cessation  of  activity  the  muscle  fibres 
contract  and  diminish  the  flow  of  blood.  This  action  takes  place 
mainly  in  the  small  arteries  and  arterioles  at  the  periphery  of 
the  arterial  system. 

The  r/idth  of  the  path  along  which  the  blood  flows  varies 
greatly  in  its  sectional  area.  Although  an  individual  capillary 
is  microscopic  and  the  aorta  is  relatively  large  the  total 
sectional  area  of  the  stream  bed  is  greatest  in  the  capillaries 
and  least  in  the  aorta.  Since  the  capillary  bed  is  eight  hundred 
times  greater  than  the  aortic  bed,  and  tine  friction  of  the  blood 
is  increased  in  passing  from  the  arteries  to  the  capillaries,  the 

If 

velocity  of  the  blood  stream  is  diminished  as  it  passes  t07/ard 
the  periphery . 


Arterial  Blood  Pressure 

General  statement . In  the  circulatory  apparatus  the  ven- 
tricles receive  blood  through  the  auricles  from  the  veins.  The 
ventricles  send  it  into  the  arteries,  vliich  are  unable  to  empty 
themselves  immediately  through  the  capillaries.  The  blood  ac- 
ciunulates  in  the  arterial  system  until  the  elastic  recoil  of  the 
distended  arterial  v/alls  is  sufficient  to  force  through  the 
capillaries  just  as  much  blood  as  is  ejected  into  the  aorta  and 
pulmonary  arterj^.  The  cause  for  the  flov;  of  the  blood  is  a 
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system.  Tlie  pressure  whicli  is  exerted  on  the  sides  of  the 
arteries  by  the  flowing  blood  stream  is  called  the  lateral  blood 
diastolic  or  minimum  pressure.  The  difference  between  the  two 
pressures  is  Imown  as  the  pulse  pressure.  Half  the  sum  of  the 
maximum  and  minimuLi  is  usually  taken  as  the  mean  arterial  pres- 
sure . 

The  factors  determining  blood  pressure . The  blood  pressure 
at  a given  time  in  any  individual  is  dependent  upon  four  factors. 
They  may  vary  independently  of  one  another  under  nomal  and  path- 
ological conditions;  but  usually  clianges  in  the  vasomotor  and 
cardiac  nervous  systems  causing  an  alteration  of  one  of  these 
factors  causes  a variance  in  the  others. 

(1)  An  increase  in  the  energy  of  the 'heart  manifested  either 
by  an  increase  in  the  rate  of  the  heart  or  an  increase  in  the 
volume  of  blood  ejected  into  the  aorta  with  each  beat  v/ould  tend 
to  cause  a rise  of  blood  pressure.  But  an  increase  in  systolic 
frequency  presupposes  a larger  amount  of  blood  in  the  venae  cavae 
in  order  to  raise  the  pressure.  There  is  a limit  to  the  reserve 
cardiac  energy,  and  if  the  peripheral  resistance  increases  beyond 
a certain  point  the  volume  output  of  the  ventricles  will  decrease, 
due  to  the  exhaustion  of  the  heart. 

(2)  Inci'easing  peripheral  resistance  and  rising  pressure,  or 
decreasing  resistance  and  falling  pressure  usually  accompany  each 
other  unless  some  equalizing  change  occurs  in  the  heart. 

All  blood  vessels  mth  the  exception  of  the  capillaries  contain 
muscle  fibres  and  are  consequently  subject  to  constriction  and 
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dilatation.  Under  normal  conditions  the  blood  vessels  have  a 
tonus  caused  b^^  the  equilibrium  maintained  by  the  vasoconstrictor 
and  vasodilator  nerves.  The  presence  of  this  tonus  in  the  veins 
and  arteries,  by  means  of  which  the  blood-vascular  system  is 
adapted  to  the  blood  volume  is  of  great  significance.  Its  dis- 
appearance would  cause  a collection  of  blood  in  the  veins,  and 
heart  failure.  The  abdomanal  vessels  v/hdch  are  supplied  by  the 
splanclinic  nerves  have  the  greatest  effect  upon  the  general 
blood  pressure  through  constriction  and  dilatation. 

(3)  The  elasticity  of  the  arterial  walls  permitting  their 
extension  and  recoil  with  each  pulse  wave  gives  a continuous 
propelling  force  to  the  blood.  The  elasticity  varies  with  the 
intravascular  pressure.  V/ith  hypertension  the  distensibild ty 
of  the  arteries  is  lessened,  and  the  difference  between  maximum 
and  minimum  pressure  will  be  greater  than  at  low  pressures. 
Hardening  of  the  arteries  would  cause  the  same  effect. 

(4)  The  total  blood  volume  is  small  as  compared  with  the 
total  capacity  of  the  blood-vascular  system.  Vasomiotor  tonus 
keeps  the  pressure  at  a normal  point  even  when  haemorrhage  or 
an  infusion  of  saline  solution  takes  place.  Losses  as  large 
as  t?/o-fifths  of  the  original  blood  volume  are  said  to  have 
very  little  effect  on  the  mean  blood  pressure. 

Coordination  of  the  heart  and  vessels  by  means  of  nerves. 

The  circulatory  system  may  be  considered  fundamentally  as  a mere 
mechanical  hydraulic  apparatus,  but  during  life  there  is  a constant 
edjustm.ent  to  constantly  varying  conditions.  This  adaptability 
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is  a result  of  the  coordination  of  the  heart  and  blood  vessels 
brought  about  by  the  cardiac  and  vasomotor  nervous  systems. 

The  combination  of  nerves  and  nerve  centers  vmich  cooperate 
to  increase  or  decrease  either  the  rate  or  force  of  the  heart’s 
contraction  may  be  considered  as  the  nerve  mechanism  of  the  heart. 
There  are  present  in  the  heart  groups  of  cells,  the  intracardiac 
nerve  cells,  which  are  in  physiologic  and  anatomic  relation /.vith 
the  muscle  cells  and  with  the  nerves  passing  to  the  central  organs. 
Of  these  latter  nerves  there  are  two,  the  vagus  and  the  sympathe- 
tic . 

The  vagus  contains  both  afferent  and  efferent  nerve  fibres. 

The  afferent  fibres  arise  in  the  ganglia  situated  on  the  triinlc  of 
the  nerve.  One  branch  of  each  ganglion  cell  passes  to  the  floor 
of  the  fourth  ventricle,  where  it  arborizes  around  the  nerve  cells; 
the  other  branch  makes  its  way  along  the  trunk  to  the  viscera. 

The  efferent  fibres  arise  from  the  nerve  cells  situated  beneath 
the  floor  of  the  fourth  ventricle  and  make  their  way  to  the  heart 
where  they  arborize  around  the  intracardiac  nerve  cells. 

The  sympathetic  is  efferent  in  function.  The  fibres  arise  in 
the  ganglion  stellatum  and  inferior  cervical  ganglion  and  after 
reaching  the  heart  probably  tenninate  freely  on  the  muscle  cells. 
The  nerve  cells  in  the  ganglia  are  in  communication  with  cells 
beneath  the  floor  of  the  fourth  ventricle  by  means  of  fibres 
passing  down  the  cord  and  emerging  in  the  anterior  roots  of  the 
2d  and  Sd  thoracic  nerves.  Then  by  way  of  the  v/hite  rami  com- 
municantes  they  pass  to  the  ganglia  where  they  arborize  around 
the  cells  supplying  the  sympathetic. 
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Experiments  raade  largely  upon  the  nerves  of  the  frog  and 
turtle  demonstrate  the  respective  action  of  the  two  nerves.  The 
vagus  has  been  showii  to  inhibit  the  action  of  the  heart,  while 
the  sympathetic  accelerates  and  augments  its  action. 

The  vagus,  which  is  in  coimauni cation  v/ith  the  cardio-inhibi- 
tory  center  in  the  medulla,  and  the  sympathetic  which  is  in 
communication  with  the  cardio-accelerator  center  probably  located 
in  the  medulla  as  well,  exert  an  antagonistic  action  on  the  heart. 
This  action  under  normal  conditions  is  in  equilibrium.  The 
cardio-inhibitor  and  accelerator  centers  may  be  directly  stimu- 
lated by  substances  in  the  blood  and  lymph,  and  are  probably 
in  a condition  of  tonic  activity  as  a result.  They  may  also 

be  stimulated  from  the  emotional  centers  of  the  brain. 

/ 

The  vasomotor  nerves  are  of  t?/o  classes,  namely,  the  vaso- 
constrictors, the  stimulation  of  which  causes  a contriction  of 
the  blood  vessels,  and  the  vasodilators,  the  stimulation  of 
v/hich  causes  a dilatation  of  the  blood  vessels.  These  fibres 
terminate  in  the  middle  coat  of  the  blood  vessels,  which  consists 
of  plain  muscle  tissue  circularly  disposed. 

The  vasoconstrictor  nerves,  belonging  to  the  sympathetic 
nervous  system,  consist  of  preganglionic  fibres  arising  in  the 
central  nervous  system,  and  postganglionic  fibres  arising  in 
the  cells  of  some  sympathetic  ganglion.  They  are  distributed 
mainly  to  tlie  skin  and  abdominal  viscera,  exerting  their  action 
continually  to  keep  the  blood  vessels  of  the  right  calibre  to 
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j?ig.  2.  Diagram  of  tlie  nerve  meclianism  of  tlie  heart. 
Dmotional  centers.  Dxliilarating  ( 'black),  depressing  (red). 
j3.  Cardio-inhibitor  center.  C.  Cardio-accelerator  center. 
D,  Ganglion  stellatu2xi.  E.  Vagus  nerve.  Inhibitor  (red), 
(black).  E.  Sympathetic  nerves,  accelerator  and  augmentor. 
G.  Intra-cardiac  nerve  cells.  ( Erom  Brubaker) 
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maintain  a sufficient  pressure  for  the  flow  of  the  hlood. 

Increased  action  of  these  fibres  causes  a diminution  in  the  size 

/' 

of  the  vessels  in  the  region  of  the  arterioles,  which  in  turn 
causes  an  increase  in  preipheral  resistance  and  a ri  se  of  arterial 
pressure,  and  vice  versa.  The  pregangli  onic  vasoconstrictor 
fibres  are  in  communication  \7ith  the  cells  of  the  vasoconstrictor 
center  in  the  medulla,  which  in  turn  communicate  with  the  cells 
in  the  higher  centers.  A nervous  mechanism  of  this  type  is  ob- 
viously susceptible  to  reflex  stimulation  through  the  sensory 
nerves.  This  may  occur  by  means  of  the  pressor  fibres  which 
when  stimulated  cause  reflex  vasoconstriction,  or  by  the  depressor 
fibres  which  cause  reflex  diminution  of  tonus. 

The  vasodilator  fibres  form  a system  somewhat  similar  to 
that  of  the  vasoconstrictors,  although  no  definite  vasoiilator 
center  has  been  demonstrated  and  they  are  not  in  tonic  activity. 

f 

Their  function  is  relatively  of  less  importance  since  they  are 
distributed  especially  to  the  erectile  tissue,  glands,  bucco-facial 
region,  and  muscles.  Only  by  reflex  stimulation  can  they  noriiially 
affect  the  blood  vessels.  lian;/  of  the  depressor  effects  are  due 
to  reflex  stimulation  of  the  dilators. 

Methods  of  Estimating  Blood  Pressure 
Hi storical . Poiseuille  in  1828  introduced  the  mercurial 
type  of  manometer.  The  determination  was  made  directly  from  the 
blood  vessels,  but  tlie  pressure  was  exerted  on  a mercury  column 
through  the  mediui'n  of  a solution  of  IIa2C0s  to  prevent  coagulation. 
This  is  the  method  v/hich  is  used  to-day  wherever  it  is  necessary 
to  make  direct  determination. 
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Ludwig  in  1847  made  the  manometer  self -registering  by  the 
application  of  the  l^mographi on . This  consisted  simply  of  a 

revolving  drum  of  smoked  paper,  upon  which  the  oscillations  of 
the  mercury  in  the  tube  were  traced  and  magnified  by  means  of 
a lever  which  was  connected  by  a rod  with  a pith  ball  floating 
on  the  surface  of  the  mercury.  The  tracings  obtained  in  this 
way  do  not  tell  a complete  story  of  the  blood  pressure  on  ac- 
count of  the  inertia  of  the  mercury.  The  value  of  tl:e  sphyg- 
momanometer at  once  became  evident.  Since  that  time  various 
instruments  have  been  devised  for  the  determination  of  blood 
pressure  in  man. 

In  1855  Yierordt  suggested  a method  ox  indirect  measurement 
by  noting  the  amount  of  pressure  necessary  to  obliterate  the 
flov/  of  blood  in  a peripheral  artery.  This  is  the  fundamental 
principle  in  all  modern  sphygmomanometers . 

Until  1876  various  unsatisfactory  methods  were  used  to 
measure  the  counter-pressure  necessary  to  close  the  lumen  of  an 
artery.  In  this  year  v.  Basch  constructed  a sphygmomanometer  for 
clinical  use,  which  recorded  the  amount  of  pressure  in  milli- 
meters of  mercury.  In  this  instrument  a bag  containing  water  was 
connected  directly  with  the  manometer.  The  bag  was  pressed  on 
an  artery  until  the  pulse  could  no  longer  by  felt  in  the  artery 
distal  to  the  compression.  This  instrument  recorded  the  maximum 
end-pressure.  This  was  the  first  time  comparatively  accurate 
information  about  blood  pressure  could  be  obtained  for  clinical 
use . 
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Potain  in  1889  made  use  of  air  instead  of  a fluid,  con- 
structing his  manometer  on  the  anaeroid  principle  with  a dial 
graduated  in  millimeters  of  mercury. 

Although  the  instruments  of  v.  Basch  and  Potain  marked 
progress  in  the  determination  of  arterial  pressure  in  man.  and 
undoubtedly  stinojated  research  in  this  important  field,  yet  the 
results  obtained  v/ere  far  from  satisfactory  because  of  the  method 
of  application.  In  using  these  instruments  pressure  had  to  be 
applied  to  an  artery  against  a bone.  The  depth  of  the  artery 
below  the  surface,  the  amount  of  tissue  surrounding  it,  and  the 
size  of  the  artery  were  factors  which  caused  a considerable  error. 

About  the  time  that  v.  Basch  was  perfecting  his  instrument 
I.Iarey  was  v/orking  on  a new  principle.  He  made  observations  on 
the  effect  of  applying  pressure  equally  to  all  sides  of  the  vessel 
instead  of  to  a single  surface.  Por  this  purpose  he  constructed 
a tight  box  in  which  the  forearm  could  be  inserted.  The  box  v/as 
connected  with  a movable  reservoir  of  water  by  which  the  pressure 
within  would  be  regulated.  The  apparatus  was  connected  with  a 
mercury  manometer  and  a recording  tambour.  As  the  pressure  was 
raised  the  amplitude  of  the  pulse  waves  transmitted  through  the 
fluid  was  increased  to  a certain  point  and  then  decressed.  By 
this  time  the  skin  was  blanched  showing  that  the  maximum  pressure 
was  overcome.  llarey  concluded  that  when  the  pulsations  reached 
the  maximum,  the  extravascular  pressure  was  just  equal  to  the 
intravascular,  and  the  walls  of  the  vessels  having  no  pressure 
from  either  side  would  oscillate  with  maximum  amplitude.  Sub- 
sequent investigation  has  shown  that  this  is  an  accurate  criterion 
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for  the  measurement  of  minimum  pressure.  The  first  instrument 
of  Liarey  was  later  much  elaborated  by  Ilurthle. 

In  a second  apparatus  Marey  used  one  finger  instead  of  the 
v/hole  forearm.  This  method  gave  unsatisfactory  results.  In 
1895  Hosso  used  the  same  principle  and  constructed  an  instrument 
for  laboratoi^^  use.  Gartner,  by  means  of  his  tonometer  estim- 
ated the  maximum  arterial  pressure  by  measuring  the  force  just 
necessary  to  keep  the  digital  arteries  occluded.  Estimations 
of  this  kind  are  unreliable,  for  the  small  digital  arteries  are 
subject  to  great  local  vasomotor  changes. 

Hone  of  the  sphygmomanometers  introduced  prior  to  1896  com- 
plied with  all  the  essential  requirements  for  general  use  by 
physicians,  such  as  reasonable  accuracy,  freedom  from  subjective 
errors,  ease  of  application,  and  portability. 

The  Hill-Barnard  and  Hiva-Rocci  sphygmomanometers  embody 
the  principle  of  compression  of  the  artery  from  all  sides  by 
means  of  a hollow  rubber  band  which  encircles  the  arm  of  a sub- 
ject. This  band  is  connected,  by  means  of  tubes  containing  air, 
with  a bulb  for  increasing  the  air  pressure  and  a manometer  to 
record  it.  The  Eill-Bamard  instrument  has  a metal  manometer 
and  is  used  for  the  determination  of  minimum  pressure.  The 
Riva-Rocci  apparatus  has  a mercury  colui:m  and  measures  maximum 
pressure . 

Modern  methods.  The  method  of  estimating  the  tension  of 
the  pulse  by  compressing  an  artery  with  the  fingers  is  very  com- 
mon in  clinical  work.  Janeway  calls  it  an  extremely  fallacious 
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and  time-honored  method,  the  error  of  which  v/ill  soon  he  shown 
h;''  the  use  of  the  sphyg-momanomete'r . In  this  method  an  attempt 
is  made  to  estimate  the  mazimum  end  pressure  in  an  artery  hy 
compressing  it  v/ith  tiie  finger  until  the  pulse  cannot  he  felt 
hy  a second  finger  distal  to  the  compression.  In  the  palpatory 
method  the  subjective  element  is  a great  source  of  error.  The 
muscular  sense  only  judges  the  total  of  the  force  ezerted.  Since 
the  amount  of  pressure  exerted  on  a fluid  is  proportional  to  the 
area  compressed,  it  is  evident  that  in  large  arteries  the  hlood 
pressure  v;ill  seem  greater  than  in  small  ones.  The  amount  of 
tissue  compressed  and  its  relation  to  the  artery  will  also  in- 
troduce error.  This  brief  consideration  shows  that  this  method 
can  never  he  more  than  an  approximation,  liable  to  error  even 
with  shilled  observers. 

A sphygmomanometer  for  the  graphic  deterrninat:  on  of  hlood 
pressure,  which  combines  the  principles  of  the  lUva-hocci  and 
Hi 11 -Barnard  instruments,  was  designed  hy  Brlanger  in  1904. 

This  instrument  practically  eliminates  the  subjective  element 
from  determinations,  measuring  both  maximum  and  minimum  pressures. 

The  essential  parts  and  construction  of  this  apparatus 
are  as  follows.  A hollow  rubber  cuff,  which  is  fastened  around 
the  upper  arrri  by  means  of  a strap,  is  in  direct  communication 
with  a m.ercury  manometer,  a bulb  for  raising  the  air  pressure 
in  the  instrument,  and  a rubber  bag  contained  in  a glass  chamber. 
The  chamber  communicates  with  a tambour;  and  a lever  traces  the 
oscillations  on  a revolving  drum.  A stop-coch,  between  the 
pressure  bulb  and  the  rest  of  the  apparatus,  must  be  opened 
while  the  pressure  is  being  raised  within,  and  may  then  be  turned 
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to  either  a fine  capillary  opening  or  a large  one,  ty  means  of 
which  the  pressure  is  lowered  more  or  less  slowly. 

In  order  to  measure  the  ma::imum  pressure  the  air  pressure 
in  the  apparatus  is  raised  until  the  pulse  disappears  in  the 
artery  distal  to  the  compression.  By  manipulating  the  stop-coclr 
the  pressiire  is  allowed  to  fall  slowly.  fhe  lover  will  he  de- 
pressed and  its  oscillations  will  gradually  increase.  Then  the 
extravascular  pressure  falls  helow  the  maximum  intravascular  pres- 
sure a sudden  increase  in  the  amplitude  of  the  oscillations  is 
noticed,  A change  in  the  direction  of  the  trough  lino,  and  a 
change  in  the  form  of  the  pulse  wave,  as  well,  talres  place.  At 
this  point  the  mazimum  pressure  is  read  from  the  manometer. 

rinimum  pressure  may  he  determined  hj;  continuing  the  above 
procedure.  The  v;ave  amplitude  will  continually  increase  v/ith 
falling  pressure  until  the  extravascular  and  intravascular 
pressures  are  equal.  Then  a sudden  decrease  in  amplitude  talies 
place.  At  this  point  the  miniinvun  blood  pressure  is  read.  Or, 
hy  the  proper  manipulation  of  the  stop-coch,  the  pressure  is 
allowed  to  fall  five  millimeters  at  a time,  and  a tracing  is 
obtained  at  each  step.  The  pressure  at  which  waves  of  mazimurn 
amplitude  are  obtained  is  the  minimum  blood  pressure. 

A method  of  determining  the  return  of  the  pulse  wave  under 
compression  hy  auscultation  was  first  demonstrated  hy  Eorotkow 
(1905),  in  St.  Petersburg.  Any  sphygmomanometer  may  he  used  which 
involves  the  principle  of  obliterating  the  flow  of  blood  in  an 
arteiv.  A point  over  the  artery,  from  tv/o  to  four  centimeters 
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■belo\/  •t]ie  cuff  i3  selected  for  auscultation.  fhe  pressure  jn 
the  spli^/amomanorieter  is  raised  above  t]ie  mavirnuin  blood  pressure  • 
and  then  allowed  to  fall  slowly.  ./hen  the  first  pulse  wave 
breahs  through  the  constriction  under  the  cuff  a distinct  sould 
is  heard.  flie  ma::i):iui.i  pressure  is  read  at  this  time. 

A series  of  sounds  follow  wlxich  may  be  divided  into  five 
phases.  At  the  fourth  phase  there  is  a dulling  of  the  tone. 

3y  comparing  the  auscultatory  phenomenon  with  the  tracing  of  the 
hrlanger  Spliygrnomanoineter , Dr.  Arthur  w'.  //eysse  and  I have  de- 
monstrated that  the  minimum  blood  pressure  should  be  read  at 
this  phase. 

The  au3cultator3’’  method  is  the  most  convenient  and  accurate 
means  of  determining  the  blood  pressure.  It  is  fast  being  adopt- 
ed v/herever  it  i s necessary  for  a ouic’’':,  easy,  and  accurate 
blood  pressure  determination  to  be  made. 

Variations  in  hlood  Pressure  in  ITormal  Individuals. 

In  different  individuals.  Blood  pressure  in  different 
persons  will  vary  to  a great  degree  according  to  age,  sen.  and 
occupation.  Teraperanient  undoubtedly  has  an  influence.  w;hile 
it  is  probably  that  the  size  of  the  individual  has  little  effect. 
Janeway  found  that  the  maximum  pressure  in  j^oung  male  adults 
ranges  between  80  and  160  mm.  of  Eg  from  purely  physiological 
causes.  In  women  the  maximum  pressure  may  have  the  same  range, 
but  the  pressure  is  usually  10  mm.  of  Eg  less.  In  old  age,  which 
is  usually  accompanied  by  increased  peripheral  resistance,  the  same 
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author  gives  the  range  of  naximmn  pressure  from  140  to  160  mm. 
of  Eg.  Cook  and  Briggs  say  that  in  children  under  two  years 
a maximum  pressure  of  from  75  to  90  mm.  of  Eg  is  found;  while 
during  early  childhood  the  range  of  maxirniui  pressure  is  from 
90  to  110  mm.  of  Eg. 

In  the  same  indivi  dual . The  hlood  pressure  at  any  given 

time  depends  upon  the  inter-relation  of  cardiac  energy,  peripheral 
resistance,  extensihili ty  of  the  arterial  walls,  and  the  voluL'ie 
of  circulating  hlood.  Of  these  factors  the  first  two,  governed 
hy  the  cardiac  and  vasomotor  centers  in  the  medulla  oblongata, 
are  most  variable.  It  would  seem  that  these  four  more  or 
less  variable  factors  would  be  capable  of  balancing  any  changes 
in  blood  pressure,  and  tend  to  keep  it  fairl;/  constant.  This 
is  true  to  a certain  degree,  but  the  arterial  pressure  varies 
from  time  to  time  in  the  same  individual. 

A typical  blood  pressure  tracing  shows  three  sets  of  periodic 
variations,  the  first,  short  rliytlimical  pulse  waves,  the  second, 
longer  respiratory  waves  due  to  inspiration  and  expiration,  and 
the  third,  the  so-called  Traube-Eerring  waves  embracing  several 
respiratory  waves. 

Various  physical  and  mental  states  influence  the  blood 
pressure  during  the  day.  liuscular  exercise,  change  of  posture, 
the  ingestion  and  digestion  of  food,  mental  effort,  and  sleep, 
have  an  effect  upon  the  pressure.  In  Part  II  the  effect  of  some 
of  the  above  factors  has  been  studied. 
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Tlie  Practical  Value  of  a Knowledge  of  the  Blood  Pressure  and 

Pulse  Pate. 

The  rnaxinurn  pressure,  detenained  in  the  brachial  artery  by 
graphic  or  by  the  auscultatory  method,  is  a close  approximation  to 
the  maximui:^  lateral  pressure  in  the  aorta.  Theoretical Ij?" , there 

seems  to  be  no  reason  v/liy  the  minimum  pressure  in  the  large  arter- 
ies, at  a given  tirae,  should  vary  to  any  great  extent.  A Imow- 
ledge  of  the  maximum  and  minimum  pressures  in  the  brachial  arters?^ 
enables  us  to  iudge  pretty  accurately  of  the  maximum  and  minimum 
pressures  in  the  aorta.  The  value  that  a Imowledge  of  the  pres- 
sures has  on  the  interpretation  of  the  circulatory  phenomenon  is 
discussed  by  Erlanger  and  Hooker  (1904),  and  a brief  review  of 
the  discussion  is  presented  in  this  section. 

Although  it  is  generally  believed  that  a knowledge  of  the 
mean  arterial  pressure  would  be  more  valuable  than  a knowledge 

9 

of  either  the  maximum  or  the  minimum  pressure,  Hrlanger  and 
Hooker  question  the  idea.  They  show  that,  the  arithmetical 
mean  of  the  maximum  and  minimum  pressures  is  not  the  true  mean 
blood  pressure,  but  that  the  true  mean  lies  nearer  the  minimum 
than  the  ma^iimurn  pressure.  Moreover,  they  believe  that  the  mean 
follovvS  the  minimum  pressure  more  closelj^  than  it  does  the 
maximum.  In  general,  a Imowledge  of  the  minimuin  is  sufficient 
to  judge  of  the  mean. 

Erlanger  and  Hooker  recognize,  however,  that  a Imowledge  of 
any  one  of  the  pressures  is  not  sufficient  for  clinical  purposes, 
and  believe  with  Hensen  that  there  is  far  greater  value  in  Imow- 
ing  the  amount  of  blood  that  an  organ  receives  in  a given  time 
than  in  Imov/ing  the  pressure  under  which  the  organ  receives  the 
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blood.  Tliese  authors  shov/  theoretically;  that  a simultaneous 
determination  of  the  maximum  and  minimum  pressures  and  the  pulse 
rate  will  give  this  information. 

The  height  of  the  pulse  pressure  in  the  aorta  depends  upon 
the  amount  of  blood  forced  into  it  during  systole.  blien  the 
mean  blood  pressure  is  constant  an  arnoLint  of  blood  equal  to  that 
throwi  into  the  arteries  during  systole  must  pass  into  the  veins 
during  diastole.  Therefore,  a Imowledge  of  the  pulse  pressure, 
(the  difference  between  the  maximum  and  rninimui/i  pressures)  and  the 
duration  of  either  diastole  or  systole  7/ould  permit,  within 
certain  limits,  an  estimation  of  the  velocity  of  the  blood  flow. 
Since  the  duration  of  systole  is  so  short  (.06  sec.)  its  variations 
would  be  little;  and  when  we  consider  the  relatively  crude  methods 
of  estimating  blood  pressure  in  man,  it  would  seem  that  a know- 
ledge of  the  pulse  rate  and  pulse  pressure  would  give  a fairly 
accurate  estimate  of  the  velocity  of  the  blood  flow.  The  pulse 
pressure  depends  approximately  on  the  amount  of  blood  that  passes 
out  of  the  arteries  during  one  cardiac  cycle;  and  the  amount  of 
blood  that  escapes  will  vary  directly  as  the  piilse  rate.  Within 
certain  limits,  therefore,  the  velocity  of  the  blood  flov/  varies 
directly  as  the  product  of  the  pulse  pressure  and  pulse  rate. 

(?.P.  X P.  H. ) 

In  order  to  Imnow  the  absolute  velocity  of  the  blood  flow 
it  would  be  necessary/  to  consider  the  rate  of  systolic  output, 
the  rate  of  flo?/  from  the  arteries  into  the  veins,  the  distens- 
ibility  of  human  arteries  at  different  pressures,  and  the  amount 
of  blood  in  the  systemic  arteries  under  various  conditions. 
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Erlanger  and  Hooker  iDelieve  that  the  value  of  any  one  of  these 
factors  would  not  he  so  great  as  to  cause  serious  error,  and  con- 
clude that  a knowledge  of  the  maximuin  and  miniirura  pressures 
pemits  the  estimation  of  the  relative  velocity  of  the  hlood 
flow. 
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PART  II. 


Observations  on  Diurnal  Variations  in  Blood  Pressure. 

General  statement . The  purpose  of  this  investigation  v/as 
to  make  a study  of  the  nonnal  variations  of  the  maximum,  minimur/i, 
and  pulse  pressiires,  piilse  rate,  and  the  relative  velocity  of  the 
blood  during  the  day.  Although  the  question  of  diurnal  blood 
pressure  is  an  important  one,  most  of  the  investigations  in  this 
field  have  been  incomplete,  since  the  maximum  pressure  alone  has 
been  studied,  and  inconclusive,  since  the  number  of  subiects 
studied  has  been  too  fev/. 

In  this  paper  I present  the  results  of  a series  of  observa- 
tions on  diurnal  blood  pressure  in  a group  of  healthy  young  men, 
all  of  about  the  sam.e  age , and  all  living  under  the  same  con- 
ditions during  the  period  of  observation.  Incidentally,  the 
effect  of  the  ingestion  and  digestion  of  meals  was  demonstrated. 

A Brief  Review  of  the  Literature. 

Zadek  (1881)  mude  determinations  with  the  v.  Basch  Sphygmo- 
manometer (which  measures  the  maximum  pressure)  on  three  normal 
individuals.  The  observations  were  taken  three  times  a day, 
that  is,  morning,  afternoon,  and  evening,  for  periods  of  fron 
three  to  nine  successive  days.  He  found  that  an  average  rise 
of  from  8 to  15  mm.  of  Eg  occurred  in  the  afternoon,  and  believed 
it  to  be  entirely  independent  of  the  mid-day  meal,  v/hich  he 
observed  caused  a rise  of  from  10  to  20  mm.  of  Hg.  Toward 
night  the  pressure  fell  again  though  it  was  still  higher  than  in 
the  morning.  He  found  tliat  the  pulse  rate  varied  inversely  with 
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V.  Ilaxirnov/itsch  and  Hieder  (1890)  made  determinations  v/ith 
a V.  Bascli  anaeroid  spliygmomanometer  on  a fev/  normal  and  patho- 
logical subjects  to  study  the  effects  of  liquids  and  muscular 
work  upon  the  blood  pressure.  They  found  that  when  1/2  liter 
of  water  was  taken  a slight  rise  of  pressure  occurred  followed 
by  a gradual  return  to  the  original  after  40  to  50  minutes, 
wlien  greater  quantities  were  taken,  that  is,  1 to  2 liters, 
drunk  in  20  to  40  minutes,  the  return  to  noriiial  did  not  occur 
until  1 to  2 hours  later.  Beer  caused  a more  marked  rise  than 
water.  One  liter  drunk  v/ithin  5 minutes  caused  a rise  of  from 
20  to  25  mm.  of  Hg,  attaining  its  maximum  in  50  minutes,  and 
returning  to  the  original  in  1 1/2  hours.  Wiien  greater  quanti- 
ties of  beer  were  taken  the  rise  remained  from  2 to  2 1/2  hours. 
The  drinking  of  water,  as  well  as  beer  and  other  alcoholic  liquor 
caused  an  increase  in  the  pulse  rate. 

Howell  (1897),  while  studying  the  relation  of  sleep  to 
blood  pressure,  by  means  of  a pletliy smograph , found  that  although 
there  was  a fall  of  pressure  with  onset  of  sleep,  a gradual  rise 
took  place  soon  after,  until,  on  av/akening,  the  pressure  was  the 
same  as  before  sleep  occurred. 

Hill  (1898),  while  investigating  by  means  of  a Eill-Barnard 
sphygmomanometer  the  changes  in  the  circulation  caused  by  rest, 
sleep,  and  work,  found  the  pressure  as  low  vnien  the  subject  v/as 
lying  awake  in  bed  in  the  morning  as  v/hen  lying  in  bed  at  night. 
Observations  which  he  made  hourly  during  the  day  upon  himself 
show  that  his  pressure  was  higher  after  a hard  day’s 
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the  inorning.  He  does  not  consider  tlie  effect  of  txie  meals  upon 
the  arterial  pressure. 

Colombo  (1899),  using  a I'osso  sphygnomanometer , as  well  as 
that  of  V.  Basch,  reported  observations  on  one  normal  individual, 
although  he  mentioned  having  examined  different  persons.  He 
determined  the  diurnal  curve  under  two  different  sets  of  conditions. 
First,  meals,  muscular  exercise,  and  sleep  were  so  arranged  that 
they  had  no  effect  on  the  observations.  fhis  was  done  by  chang- 
ing the  time  of  meals  and  waiting  until  their  effects  had  pre- 
sumably passed  off  before  observations  were  ta’’en,  by  refraining 
from  muscular  activity,  and  by  changing  the  period  of  sleep.  By 
taking  observations  during  parts  of  several  successive  days  a theo- 
retical diurnal  curve  was  made  for  one  day.  Second*,  meals,  mus- 
cular exercise,  and  sleep  were  taken  at  tiie  regular  hours.  The 
theoretical  curve  made  with  the  I osso  sphygmomanometer , by  means 
of  the  criterion  of  maximum  oscillations,  shov/s  that  during  the 
hours  v/hen  digestion  would  ordinarily  have  taken  place  a fall  of 
pressure  occurred,  although  nothing  had  been  eaten.  During  the 
morning  hours  before  daybreak  there  was  a rise  of  pressure,  al- 
though the  subject  was  av/ake.  During  the  warm  hours  of  the  day, 
from  2 to  4 p.  m.  , the  pressure  was  lov/er  than  during  the  cool 
hours  of  the  forenoon,  although  the  temperature  of  the  laboratory 
did  not  change.  The  curve  obtained  with  the  v.  Basch  Instrument, 
from  the  temporal  artery  by  means  of  the  criterion  of  the  disap- 
pearance of  the  pulse  palpated  distal  to  the  compression,  showed 
changes  in  the  pressure  exactly  the  reverse  of  those  obtained  in  the 
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former  case.  ./lien  the  I'osso  apparatus  v/as  used  with  the  criterion 
of  the  disappearance  of  tho  pulse,  changes  similar  to  those  oh- 
tadned  with  the  v.  Basch  instrun-.ent  were  observed.  V/hen  meals 
were  taken,  the  LIosso  apparatus  used  with  the  criterion  of  mazirnuiu 
oscillations,  sj.owcd  a fall  in  the  blood  pressure,  averaging  20  mm. 
of  Hg,  taking  place  immediately  and  attaining  its  lowest  point 
2 1/2  hours  later.  This  occurred  whether  there  was  a rise  or  a 
fall  in  tlie  theoretical  diurnal  curve.  The  v.  Basch  instrument 
shov/ed  an  elevation  of  pressure  lasting  4 hours  immediately  after 
meals.  An  increase  in  the  pulse  rate,  respiration,  and  body 
temperature,  also  occurred  after  meals.  Hot  recognising  that  the 
I'osso  apparatus  as  ordinarily  used  measures  the  mdnimmn  pressure, 
V7hile  the  v.  Basch  instrument  measures  the  maximum  pressure, 

Colombo  attempted  to  reconcile  these  apparently  conflicting 
results  by  attributing  the  rise  shown  by  the  v.  Basch  apparatus, 
when  applied  superficially  to  tlie  temporal  artery,  to  the  great 
vasodilatation  v/hich  takes  place  after  meals.  Because  he  believed 
the  Liosso  apparatus  more  sensitive,  he  regarded  the  results  ob- 
tained vath  it  as  the  more  accurate. 

Weiss  (1900)  reported  observations,  taken  ?/ith  Gartner’s 
tonometer,  on  a normal  individual.  Thirteen  readings  were  taken 
at  intervals  from  9 a.  m.  to  12  midnight  on  one  day.  After  the 
morning  and  noon  meals  a marked  fall  in  blood  pressure  occurred, 
while  a rise  took  place  after  the  evening  meal.  The  final  read- 
ing at  night  was  20mm.  of  Hg  higher  than  the  first  reading  taken 
in  the  morning. 

Hensen  fl900'  made  determinations  vd-fh  a ?,iva-Rocci  sphyg- 
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rnonianoneter  on  a healtliy  girl  who  remained  in  hed  xor  nineteen  days. 
The  observatjons  were  made  tv/ice  a day,  at  7 a.  m.  and  9 p.  m.  He 
found  the  evening  readings  from  5 to  15  mm.  of  Kg  higher  than  the 
morning  pressures.  His  chart  shows  that  the  pulse  rate  varied 
directly  with  the  maximum  pressure.  Hensen  believed,  with  Zadeh, 
that  there  is  a periodic  afternoon  rise  independent  of  meals. 

Brief  reference  may  be  made  to  Gumprecht  (1900''  who  reported 
that  he  usually  fomid  a fall  in  pressure  of  10  to  15  mm.  of  Eg  in 
the  forenoon,  v/hile  the  chief  meal  of  the  day  generally  caused  a 
rise  of  about  20mm.  of  Eg.  He  made  the  determinations  with  a 
Hiva-Hocci  sphygmomanometer . 

Jellinelr  (1900)  reported  determinations  made  v/ith  Gartner’s 
tonometer,  on  two  healtiiy  soldiers  for  a period  of  10  days,  during 
which  time  they  did  only  light  sentry  duty.  The  observations 
were  taken  six  times  a day,  5 a.  m.  , 6 a.  m.  , 11  a.  m. , 1 p.  rn.  , 

5 p.  m. , and  8p.m.  He  found  the  readings  highest  immediately 
after  the  noon  meal,  and  during  the  digestive  period.  The  pressure 
was  almost  as  high  before  the  subject  went  to  bed  as  in  the  morn- 
ing, The  pulse  rate  was  not  reported.  Ee  also  made  observations 
on  twenty  soldiers  before  and  after  meals,  which  consisted  O’f  soup, 
meat,  vegetables,  and  bread.  Of  these  subjects,  14  showed  a rise 
in  pressure,  2 a fall,  and  4 no  change.  The  pulse  rate  increased 
in  every  ease  except  one,  in  which  a fall  of  blood  pressure  oc- 
curred and  no  change  in  the  pulse  rate.  Jellinek  concludes  that 
the  blood  pressure  is  highest  during  the  afternoon  hours. 

Brush  and  !?ayerweather  (1901)  studied  the  changes  T/hich  occur 
in  blood  pressure  during  the  period  of  normal  sleep.  The  obser- 
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vations  were  made  with,  a hand  pletlij/ sinograph  used  with  the  criterion 
of  maximnrn  oscillations.  During  the  period  of  sleep  the  hlood 
pressure  in  the  wrist  arteries  fell  for  the  first  few  hours,  after 
which,  a gradual  rise  tool:  place,  Iroken  Ly  long  waves.  Pinal ly , 
on  awakening  in  the  morning,  the  blood  pressure  v/as  greater  than 
before  going  to  sleep  in  the  late  evening. 

Brief  mention  may  be  made  of  Hayaski  (1901),  and  Somrnerfeld 
(1901),  who  foimd  a rise  of  blood  pressure  after  the  midday  meal. 

Cook  (1902)  reported  a rise  of  from  5 to  lOnim.  of  Hg  in  the 
maximum  blood  pressure  of  infants  after  feeding. 

Goldwater  (1903),  using  Gartner's  tonometer,  determined  the 
blood  pressure  of  a hesl  thy  medical  student.  He  took  readings 
nine  times,  from  9 a.  m.  to  10  p.  m.  during  one  day.  The  curve 
shows  a continuous  rise  from  9 a.  rn.  to  4 p.  m.  . a slight  fall 
from  4 p.  m.  to  6 p.  m. , and  a marked  rise  after  the  evening  meal 
until  10  p.  m.  On  the  next  morning  the  pressure  was  the  same  as 
on  the  previous  morning.  He  believed  that  there  was  a periodic 
rise  in  the  afternoon  v/hich  was  independent  of  the  midday  meal. 

The  fall  of  blood  pressure,  during  the  digestive  period  noted 
by  'Jeiss  (1900),  who  used  Gartner's  tonometer,  v/as  not  confirmed 
by  Goldwater. 

N 

Oliver  (1903)  published  a chart  of  the  arterial  blood 
pressure,  taken  with  his  ha erao dynamometer  every  hour  from  8.30  a.  m, 
to  10.30  p.  m.  Although  the  ha emo dynamometer  records  the  maximum 
oscillations  he  supposed  it  to  measure  the  mean  arterial  pressure. 

A rise  of  blood  pressure,  averaging  from  15  to  20  mm.  of  Eg, 


t 


took  place  after  meals,  attaining  its  maximum  in  about  1 hoiir, 
and  lasting  from  2 1/2  to  4 hours.  Ihe  pressure  at  10.50  p.  m.. 
was  lower  than  at  8.30  a.  m. 

ICarrenstein  (1903),  ?/orking  v/ith  Gartner’s  tonometer  on 
soldiers,  found  a rise  of  from.  10  to  20  mm.  of  Hg  after  the 
principal  meal.  There  was  alv;ays  a rise  of  from  Id  to  25  mjn.  of 
Hg  after  two  or  more  liters  of  beer  v/ere  drunk. 

Janeway  (1904)  published  a chart  of  the  diurnal  variations 
Y7hich  he  observed  with  the  Janeway  sphygmomanometer . He  believes 
the  curve  to  be  a composite  record  of  the  effects  of  the  various 
physical  and  mental  states  on  the  blood  pressure.  The  chart  shows 
a rise  in  maximwn  pressure  on  bathing  and  dressing  in  the  morning, 
a fall  after  breakfast,  a rise  after  the  noon  meal,  a slight  fall 
before  the  evening  meal,  a rise  after  it,  and  a fall  before  going 
to  bed.  The  minimum  pressure  usually  followed  the  maximiuti,  except 
after  the  noon  and  evening  meals,  when  it  fell.  Janeway  is  in- 
clined to  believe  that  the  maximum  and  minimum  pressures  are  un- 
equally affected  by  the  taking  in  of  food. 

Erlanger  and  Hooker  (1904),  in  a study  of  blood  pressure 
and  pulse  pressure,  describe  five  experiments  on  an  albuminuric 
patient  which  show  variations  in  the  maximun,  minim.um,  and  mean 
blood  pressures,  pulse  pressure,  pulse  rate,  and  the  product  of 
the  pulse  pressure  and  pulse  rate.  In  each  of  the  experiments  the 
Erlanger  sphygmomanometer  was  used  and  three  readings  made  at 
each  determination.  In  Experiment  1.  determinations  were  made 
every  half  hour  from  7.35  a.  m.  to  10.30  p.  m. , Experiment  2.  every 


f Villi' ,r^rr  oock  ‘9CV^  £^^/^^:fxio•I)^ . a • 

"TS  ' ' '^'  I ''  "^T  . ,•  ■ * 

eio^otf  %^'4’xo  b ,X^9«t  ^fct^VTONefl^  '^oltoX. 

, : ' ■ \ -}:  ■'  ’•.  • ’ ■•  ‘^■'  '•"  •'-..  /J 

_.d‘«5e<^d  lo^0X£o"h  f^vus^&jq  brvto  orf'X  .5b^I 

r<  ■ B‘'..4^'-  ’ '**  ‘,  • , ■ ' - • '^'  '■*  ■'  ..  . ■ '*  . 4f 

r " .;XJo1?.'t^^  i^Kv/  J^%lja^j^  '^ixtdyo.^,Ji>i£ii  floocr'pij?^  *t0t5:ai  ' ' : /J 

f*  'y  ^ > ’ - . \ I '•  *■  . ‘^4-’'  j _ i‘ ii  - . ' ‘ 1^  ' ^ s \ r 

ao*4f*eae’t<i  ijmiffXfa  6ds  ra^r«i4'r V4Ae  BVdiXso  oJ-  fit^4^i:^  ' 


.^t  lofrjfv/  • 

t..  - ^ -WJ  • • _ -*  . _ ^ ■ • ^ -‘  f ,.  4^  _ 


■ b x«>n5.jjfy^if^n  a< 

rtS0iiT 

S.'-  H'  • » * - .'...■  T'  . , V 

y.0  fltf  ^ ftis<?  .Xyti  o>.i|y  « , •'i,e»xti«?>fyrq 

||iL»X|!t^  to  BjXiXq  O'lt  V 

i-V^.  ^ '■  * -.'r  ■,"  ■aJb*  <■*-  , V-i"-,  "-*!  ■ r'^'  ',■■  'i’’*.* 

T ya  fc»>aa  aet/,  Hb|©;  •xosrxBl'sJi  /,  .;..i^, 

• ' •-'■  '_!.  *V'j  ^ • ■■  • > *1^  * 

fc'  -;  **^  * ‘ • *■  * i'  • - , '■'  *J,. .'’-  J M ,-  ^,  . , ^ 

^ .^ic^c  .ox  .a  .efM^  ,7' 

^ ' ■ Jlr.^  ^ .y-j 

•*•'  v'l  ’ * 


half  hour  from  8 a.  m.  to  10  p.  m.  , lixperimont  3,  ex’’er3^  10  mjnutes 
from  9 a.  m.  to  2 p.  m.  , 3xperiment  60.  ever^’  few  minutes  from 
9.15  a.  m.  to  3.55  p.  m. , .Experiment  65,  every  few  minutes  from 
9.45  a.  m.  to  4.15  p.  m. 

Erlanger  and  Hooker  believe  it  possible  to  explain  the 
diurnal  variations  almost  entirelj^  by  the  effect  of  the  ingestion 
of  meals.  Experiments  1,  2,  60,  and  65,  bring  out.  the  fact  that 
variations  in  pulse  pressure  occurred  in  the  form  of  v;aves  cor- 
responding to  the  ingestion  of  meals.  As  a rule,  there  was  an 
increase  in  the  pulse  pressure  a few  minutes  after  the  ingestion  of 
food,  which  reached  its  maximum  in  one  to  two  hours,  and  then  de- 
clined more  slowly,  not  v/holly  coming  back  to  the  level  before  the 
meal . 

Experiments  2,  60,  and  65,  show  that  when  the  pulse  pressure 
reached  its  minimum  it  tended  to  increase  verj^  gradually  until 
the  next  meal.  There  was  a gradual  increase  in  pulse  pressure 
throughout  the  day,  upon  which  were  built  the  wave -like  increases 
that  followed  the  ingestion  meals.  There  seemed  to  be  no  re- 
lation between  the  amount  of  food  ingested  and  the  increase  in 
the  pulse  pressure.  The  increase  after  luncheon  was  greatest 
although  there  was  no  more  food  taken  than  at  breakfast.  The 
greatest  ainount  of  food  was  eaten  at  the  evening  meal  but  the 
increase  in  pressure  v/as  not  as  great  as  at  luncheon.  The  maxi- 
mum and  minimmn  pressures  tended  to  separate  when  food  was  taken; 
and,  as  a rule,  the  rise  of  the  maximum  pressure  was  greater  than 
the  fall  of  the  minimum,  but  not  infrequently  the  reverse  occurred. 
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The  mean  blood  pressure  usually  increased  v/itli  the  ingestion  of 
meals,  but  often  there  v;as  little  or  no  change. 

Experiments  2,  3,  60,  and  65,  show  that  tlie  pulse  v/as 
accelerated  with  the  pulse  pressure.  The  product  of  the  pulse 
pressure  and  the  pulse  rate  fP.  P.  x P.  H. ) followed  the  pulse 
pressure  curve.  i\n  increase  in  the  velocity  of  the  blood  flow 
probably  took  place  with  the  functional  activity  of  the  digestive 
organs . 

Srlanger  and  Hooker  believe  that  throughout  the  day  the 
velocity  of  the  blood  flow  increases,  but  that  the  gradual 
increase  is  partly  obscured  by  waves  of  velocity  changes  induced 
by  the  ingestion  of  food.  They  attribute  the  gradual  increase 
in  the  velocity  of  the  blood  flow  to  the  cumulative  effect  of 
the  repeated  ingestion  of  meals  on  digestion  and  metabolism. 

Brooks  and  Carrol  (1912),  in  a clinical  investigation  of 
the  effects  of  sleep  and  rest  on  blood  pressure,  studied  a large 
number  of  pathological  cases  with  the  sphygmomanometers  of 
Sahli,  and  Janeway,  measuring  only  the  maximum  pressure.  They 
considered  the  subjects  in  three  groups,  the  first,  that  of 
medium  pressure,  the  second,  low  pressure,  and  the  third,  high 
pressure.  Sixty-eight  patients  had  an  average  afternoon  pressure 
of  142  mm.  of  Eg.  Two  hours  after  the  onset  of  sleep  the  pressure 
shov/ed  an  average  drop  of  24  mm.  of  Eg*  and  three  hours  after 
av/akening  in  the  morning,  there  was  still  a depression  of  12  mm. 
of  Eg.  Thirty  patients  had  an  afternoon  pressure  of  100  mm. 

of  Eg.  Two  hours  after  the  onset  of  sleep  the  pressure  shov/ed 

an  average  drop  of  16.5  mm.  of  Eg;  and  three  hours  after  the 
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moniing  a7;akening  there  was  still  an  average  depression  of 
6.6  min.  of  Eg.  Twenty-nine  patients  had  an  afternoon  pressure 
of  204  ram.  of  Eg.  Tv/o  hours  after  the  onset  of  sleep  the  pres- 
sure showed  jni  average  fall  of  44.8  mra.  of  Eg;  and  three  hours 
after  awakening  in  the  morning,  there  was  still  an  average 
depression  of  22.8  ram.  of  Eg.  The  effect  of  food  taken  during  the 
period  of  observation  is  not  considered. 

Loeper  (1912)  reports  the  determinations  made,  v/ith  Pachon’s 
sphygmomanometer  before  and  after  a meal,  on  three  normal  indivi- 
duals. In  each  case  there  was  a primary  rise,  occurring  from 
15  to  45  minutes  after  the  meal,  followed  by  a fall  below  the 
original.  A second  rise  higher  than  the  first  occurred  within 
three  hours.  Ee  believes  the  first  rise  to  be  due  to  the  dis- 
tention of  the  stomach,  and  to  be  proportional  to  the  amount  of 
food  taken.  The  first  fall  coincided  with  the  period  of  gas- 
tric secretion,  being  more  marked  when  irritating  foods  were 
taken.  The  second  rise  corresponded  to  the  filling  and  dis- 
tention of  the  intestine. 

Paught  (191o)  published  a chart  of  the  variations  of  the 
maximum  blood  pressure  during  the  working  hours  of  a healthy 
young  man.  It  shows  that  a rise  in  pressure  too'^:  place  after  each 
meal,  and  a general  rise  during  the  day. 

Subjects,  Apparatus,  and  Ilethod  of  Procedure. 

In  this  investigation  ten  healthy  students  were  used  as 
subjects.  They  were  all  between  nineteen  and  twenty-five  years 
of  age. 

A Paught  pocket  sphygmomanometer  was  used,  and  tlie  phases 
7/ere  distinguished  with  a Bowles  sphygmometroscope . 
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All  the  determinations  v;ere  made  on  the  right  an;,  of  the 
subject,  v/ho  was  seated,  so  that  the  cuff  or  the  sphygrAomanomcter 
was  approximately  on  the  level  of  the  heart.  The  maximum  pres- 
sure was  read  at  the  onset  of  the  1st  phase;  the  minimum  pressure 
was  recorded  at  the  onset  of  the  4th  phase.  The  final  readings 
that  were  recorded  for  each  determination  are  the  means  of  three 
trials  for  each  pressure.  The  piilse  rate  was  determined  at  the 
wi'i  st . 

In  order  to  accustom  the  subjects  to  the  method  of  procedure 
and  to  insure  normal  readings  a preliminary  period  of  observation 
on  each  subject  was  begun  at  4.30  p.  m.  o”  the  first  da^^.  De- 
terminations v;ere  made  at  5 p.  ra.  . 6 p.  m.  , which  was  just  before 
dinner.  6.45  p.  m.  which  was  just  after  the  meal,  7 p.  m. , and 
every  half  hour  until  9. SO  p.  m. , which  was  just  before  the  subject 
retired.  Tlie  main  period  of  observation  continued  throughout 
the  whole  of  the  following  day.  Determinations  were  made  at  7. SO 
a.  m.  v/hile  the  subject  was  seated  in  bed,  8 a.  m.  , which  was  just 
before  breakfast,  8.30  a.  m. , which  was  immediately  after  the 
meal,  9 a.  m. , which  was  after  a ten  minute  walk  to  the  college, 
and  every  hour  between  classes  until  12  noon,  when  a determination 
v/as  made  just  before  luncheon.  Observations  were  made  at  12.30 
p.  m.  immediately  after  the  meal.  Ip.  m. , and  hourly  until  6 p.  m. , 
when  determinations  were  made  at  the  same  intervals  as  on  the  pre- 
vious evening  until  9 p.  m. 

The  students  did  the  usual  amount  of  study  and  class  room 
work  during  the  period  of  observation. 
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Pig.  5.  Diagram  of  tlie  Paught  spiiygmoroanoraeter  witli  part 
of  the  exterior  removed,  showing  the  internal  mechanism.  A,  B. 
Hippies  for  the  attacliraent  of  tnhes.  C.  IJetal  wall  of  the  com- 
pression chamber.  D.  Rod.  R.  Gear  mechanism. 

fProm  a pamphlet  published  by  George  Billing  (S:  Son  Co.  ) 
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The  morning  meal  consisted  of  fruit,  cereal,  toast,  and 
coffee.  Luncheon  was  a little  larger,  consisting  of  a stew,  or 
chowder,  v/ith  bread,  cocoa  or  milk,  and  dessert.  The  evening  meal 
T/as  the  largest,  consisting  of  soup,  roast  meat,  potatoes,  other 
vegetables,  bread,  tea,  and  dessert. 

Detailed ^records  of  the  mental  and  physical  activities  of 
the  subjects  v/ere  kept. 

He suits. 

The  conditions  under  which  the  observations  were  taken 
were  so  uniform  that  an  average  or  typical  diurnal  blood  pressure 
curve  could  be  made  froin  the  diurnal  curves  of  the  ten  subjects. 

The  mean  average  maximum  blood  pressure,  obtained  by  taking 
a mean  of  the  average  pressures  of  the  curve,  is  120  mm.  of  Eg; 
the  mean  average  minimum,  is  85  mm.  of  Eg:  which  gives  a mean 
average  pulse  pressure  of  35  mm.  of  Eg;  ?/hile  the  mean  average 
pulse  rate  is  72  per  minute. 

An  examination  of  the  typical  diurnal  blood  pressure  curve 
brings  out  two  important  points:  first,  the  variations  in 
maximum  blood  pressure,  pulse  pressure,  and  pulse  rate,  are  very 
regular,  and  correspond  to  the  periods  of  ingestion  and  digestion 
of  food;  second,  minimum  blood  pressure  is  exceedingly  uniform 
throughout  the  day,  there  being  no  regular  waves  corresponding 
to  meals. 

The  typical  maximum  blood  pressure  curve  shov/s,  after  each 
meal,  an  average  rise  of  8 mm.  of  Eg  above  the  pressure  previous 
to  the  meal.  After  the  40  meals  taken  by  10  different  individuals, 
there  was  a rise  in  38  cases;  while  in  2 cases  there  was  no  change. 
The  amount  of  food  taken,  or  the  time  of  day  did  not  seem  to  have 
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any  effect  upon  tlie  height  of  the  rise.  The  rise  after  dinner  was 
no  higher  than  that  after  Imicheon,  and  but  1 r;im.  of  Hg  higher 
than  that  after  breakfast,  although  the  evening  meal  was  largest. 

An  average  of  2 1/2  hours  elapsed  before  the  jjj^essure  retuined 
to  its  former  level  before  the  meal;  while  after  luncheon  the 
pressure  did  not  return  to  the  same  low  level  as  before  the  meal. 

On  comparing  the  variations  with  the  mean  average  maximum 
pressure  of  120  mm.  of  Eg  it  was  found  that  the  average  elevation 
caused  by  meals  was  only  about  5 mm.  of  Eg  at  the  most,  which 
lasted  but  one  hour  before  it  fell  gradually  below  the 
mean  level.  The  fall  continued  until  the  beginning  of  the  next 
meal.  The  general  level  of  the  maximum  blood  pressure  showed  a 
slight  increase  in  elevation  throughout  the  day. 

After  40  meals  taken  by  10  different  individuals  there  was 
a slight  rise  of  the  minimum  blood  pressure  in  19  cases,  a slight 
fall  in  18  cases,  while  in  3 cases  no  change  took  place.  The 
typical  diurnal  minimum  blood  pressure  curve  is  entirely  free 
from  wave-like  variations.  In  the  morning  the  level  of  the 
minimum  was  a fev/  millimeters  above  the  mean  average  level  of 
85  mm.  of  Eg.  A gradual  fall  took  place,  reaching  its  lowest 
point,  4 mm.  of  Eg  below  the  mean  average  level,  at  2 p.  m.  Then 
a gradual  rise  occurred  corresponding  to  the  fall  in  the  forenoon, 
until  the  pressure  neared  the  early  morning  level.  The  general 
level  of  the  minimum  pressure  tended  to  become  lower  throughout 
the  day. 


The  pulse  pressure  curve  showed,  consequently,  the  same 
wave-like  variations  corresponding  to  digestion,  as  the  maximum. 
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There  was  a tendency  for  the  pulse  pressure  to  Increase  throughout 
the  day.  due  to  the  general  separation  of  the  maximum  and  minimum 
pressures . 

After  40  meals  tahen  by  10  different  individuals  there  v/as 
an  increase  in  the  pulse  rate  in  31  cases,  a slight  decrease  in 
5 cases,  and  no  change  in  4 cases.  The  typical  pulse  rate 
curve  showed  v/ave-like  variations,  similar  to  those  of  the  maximum 
and  pulse  pressures,  occurring  v/ith  the  periods  of  digestion.  llo 
other  waves  were  present.  An  average  increase  of  10  beats  per 
minute,  above  the  rate  previous  to  the  meal,  occurred  after  the 
meal.  The  increase  at  breakfast  was  most  marked,  probably  due 
to  the  effect  of  the  coffee  taken.  Because  the  elevation  after 
the  noon  meal  did  not  wholly  fall  to  the  former  lov/  level  before 
the  evening  meal,  the  increase  in  pulse  rate  was  not  as  marked 
at  dinner,  although  the  actual  value  of  the  pulse  rate  v/as  above 
the  value  of  the  pulse  rate  after  luncheon.  The  increase  in 
pulse  rate  after  each  meal  did  not  seem  to  be  proportional  to  the 
amount  of  food  eaten,  since  the  height  of  the  rise  after  breakfast, 
and  after  luncheon  as  well,  was  almost  tv;ice  as  great  as  that  at 
the  evening  meal,  although  the  form.er  two  meals  were  much  smaller 
than  dinner. 

As  might  be  expected,  the  velocity  of  the  blood  flov/  (?,r.  x P. 
increased  after  each  meal.  After  luncheon  it  did  not  return  to 
the  former  level  before  the  meal.  There  was,  conseouently , a 
gradual  increase  in  the  velocity  of  the  blood  flow  throughout  the 
day . 

The  results  of  this  investigation  confirm,  in  general,  the 
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work  of  Ilrlanger  and  Hooker  (1904).  It  seems  that  there  is  no 
tendency  for  any  regular  diurnal  variations  other  than  the  eleva- 
tions in  maximum  pressure,  pulse  pressure,  and  pulse  rate.  The 
typical  curve,  however,  shows  that  the  variations  attained  their 
raaxirnut  sooner  than  reported  hy  Srlanger  and  Hooker.  Ihe  max- 
inuin  pressure  is  generally  at  its  highest  point  immediately  after 
the  meal,  and  remains  at  the  same  level  for  approximately  half 
an  hour.  The  pulse  pressure,  pulse  rate,  and  velocity  of  the  . 
blood  floY/,  are  increased  immediately  on  the  ingestion  of  food, 
but  do  not  reach  their  maximum  until  about  half  an  hour  later, 
after  which  they  gradually  decrease,  and,  except  after  tlie  morn- 
ing meal  do  not  fall  to  the  former  level  before  the  meal.  There 
is, consequently , a gradual  increase  during  the  day.  V/liether  this 
gradual  increase  is  due  whollj^  to  the  cumulative  effect  of  the 
repeated  ingestion  of  meals  on  digestion  and  metabolism,  as  Erlang 
and  Hooker  suggest,  or  wJiether  the  general  increase  in  pli;^/sical 
and  psychical  activities  that  occur  during  the  day  has  some  effect 
I am  not  prepared  to  state.  It  is  evident  that  the  ingestion 
and  the  digestion  of  meals  are  the  most  important  factors  causing 
the  diurnal  variations  in  blood  pressure.  It  seems  that  these 
variations  are  great  enough  and  constant  enough  to  be  considered 
Y/henever  blood  pressure  determinations  are  made. 

The  fall  of  blood  pressure  after  the  primary  rise,  followed 
by  the  secondary  rise,  noted  by  Loeper  (191£)  is  not  confirmed 
by  this  investigation,  although  determinations  were  made,  after 
breakfast  and  luncheon,  at  intervals  of  half  an  hour,  and  after 
dinner  a second  determination  v/as  made  15  minutes  after  the  first 
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Tir.ie 

Tlaximiun 

Plinim-um 

T'ean 

Pulse 

Pulse 

PP  X PR.  notes. 

p.  m. 

nun.  Eg 

m.  Eg  mn.  Eg 

■Pressure 

Rate 

iTun.  Eg 

4.30 

119.5 

84.1 

101.8 

35.4 

72.0 

2549 

5.00 

117.7 

83.5 

100.6 

34.2 

71.1 

2432 

6.00 

118.0 

84.0 

101.0 

34.0 

74.9 

2547 

Before  dinner 

6.45 

127.2 

88.2 

107.7 

39.0 

78.1 

3046 

After  ” 

7.00 

124.7 

87.7 

106.2 

37.0 

76.0 

2812 

7.30 

122.0 

83.4 

102.7 

3816 

76.0 

2934 

8.00 

122.4 

85 . 5 

103.4 

36.9 

71.2 

2527 

8.30 

120.0 

85.0 

102.5 

35 . 0 

69.7 

2439 

9.00 

120.5 

84.7 

102.5 

35.8 

65.2 

2334 

9.30 

118.2 

84.4 

101.6 

33.8 

64.4 

2177 

a.  m. 

7.30 

118.4 

87.6 

103.0 

30.8 

70.3 

2165 

8.00 

116.4 

86.4 

101.4 

30.0 

69.8 

2094 

Before  UreaEfast 

8.30 

124.2 

85.4 

104.8 

38.8 

7.9.4 

3081 

After  ” 

9.00 

123.8 

84.4 

104.1 

39.4 

84.1 

3313 

10.00 

118.2 

83.6 

100.9 

34.6 

70.7 

2446 

1-1.00 

116.2 

84.8 

100.5 

31.4 

67.7 

2126 

1£.00 

114.4 

83.2 

98.8 

31.2 

66.2 

2065 

Before  luncheon 

12.30 

122.8 

83.2 

103.0 

39.6 

70.9 

2808 

After  '* 

1.00 

122.3 

82.0 

102.1 

40.3 

79.7 

3212 

2 .'  OO 

118 . 4 

81.4 

99.9 

37.0 

77.6 

2871 

3.00 

118.8 

82.6 

100.7 

OO  . d 

75.1 

2719 

4.00 

115.8 

82.0 

98.9 

33.8 

71.9 

2420 

5.00 

117.2 

83.4 

100.3 

33.8 

69.6 

2352 

6.00 

117.4 

84.4 

100.9 

33.0 

72.8 

2402 

Before  dinner 

6.45  . 

124.6 

83.1 

103.8 

41.5 

80.4 

3337 

After  ” 

7.00 

125. 2> 

84.2 

104.7 

41.0 

76.1 

3120 

7.30 

122.0 

84.0 

103.0 

38.0 

73.7 

2801 

•8.,oa 

119.6 

85.0 

102.3 

34.6 

72'.  3 

2502 

30’ 

119.7 

84.0 

101.3 

34.7 

69 /O 

2394 

9:'oo 

120.0 

86.2 

103.1 

33.8 

68 . 0 

2298 

* 

■V 

IIEAii 
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•E 

A 

-tf,' 

' 

120.0 

85.0 

102.5 

35.0 

72.0 

' 2550 

after-dinner  observation,  and  then  every  half  hour. 


Conclusions . 

1.  A rise  of  raaxirnu]!!  pressure,  averaging  8 rmn.  of  Hg,  occurs 

irainediately  on  the  ingestion  of  food.  A gradual  fall  then 
takes  place  until  the  beginning  of  the  next  meal.  These 
waves  seem  to  be  built  superficially  on  a slight  general 
rise  of  maximum  pressure  during  the  day. 

2.  The  minimuri'i  blood  pressure  is  vei’y  uniform  throughout  the  day, 

and  is  little  affected  by  the  ingestion  and  digestion  of 
meals.  .Aien  it  is  affected  a rise  or  a fall  nay  take  place. 
There  is  a tendency  for  a slight  general  lowering  of  the  mini- 
mum pressure  throughout  the  day. 

5.  Pulse  pressure,  pulse  rate,  and  the  velocity  of  the  blood  fl07/ 
are  increased  immediately  upon  the  ingestion  of  meals.  They 
attain  the  maximum  in  half  aii  hour,  then  decline  slov/ly  until 
the  next  meal.  There  is  a general  increase  in  each  through- 
out the  day . 

4.  The  ingestion  and  digestion  of  food  cause  constant  diurnal 
variations  great  enough  to  be  considered  in  blood  pressure 
determinations  in  practical  medicine  and  in  the  laboratory. 
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